Purpose: It is unclear whether adding concurrent chemotherapy (CT) to definitive radiotherapy (RT) following induction CT is a tolerable and cost effective treatment for non-small-cell lung cancer (NSCLC) patients aged 70 years or older with comorbidities. This study evaluated the actual clinical outcomes between concurrent chemoradiotherapy (CCRT) and RT alone following induction CT or not in patients (≥70 years) in a single institution's clinical practice. Materials and Methods: A total of 82 patients with unresectable stage III NSCLC between 2004 and 2016 were retrospectively analyzed. Their treatment tolerance and clinical outcomes such as overall survival (OS), locoregional recurrence (LRR), treatment toxicities and distant metastasis (DM) were evaluated. Early mortality rates were also evaluated as 4-month mortality after RT. Results: Fifty-four patients received CCRT and 28 patients received RT alone. Induction CT before RT was performed for 68.5% and 50.0% in CCRT and RT alone groups. Treatment tolerance was significantly worse in CCRT (p = 0.046). The median survival was 21.1 and 18.1 months for CCRT and RT alone, which was not statistically significant. LRR and DM were also not different. Most early deaths after CCRT were attributed to non-cancer-related mortality. Acute esophagitis of grade ≥2 occurred more following CCRT (p = 0.017). In multivariate analysis, a Charlson Comorbidity Index (CCI) of ≥5 and a weight loss of ≥5% after RT were associated with poor OS. The factors adversely affecting 4-month survival were a CCI of ≥5 and CCRT. Conclusion: There were no significant differences in OS, LRR, and DM between CCRT and RT alone treatment in elderly patients. However, there was a poorer tolerance and higher incidence of acute esophagitis in the CCRT group. Specifically, when the patients had a CCI of ≥5, RT alone seems to be reasonable with a low probability of early death.
Introduction
Non-small-cell lung cancer (NSCLC) represents over 80% of all lung cancer cases, of which up to 35% are locally advanced www.e-roj.org https://doi.org/10.3857/roj.2019.00087 disease defined as stage III based on the American Joint Committee on Cancer (AJCC) 7th edition. For unresectable or medically inoperable stage III disease, concurrent chemoradiotherapy (CCRT) is considered a standard treatment; however, radiotherapy (RT) alone can be an alternative option [1] . Although the median age of patients newly diagnosed with NSCLC is 70 years old [2] , the current evidence for a standard treatment regimen is mainly based on relatively fit and nongeriatric patients [1] . In addition, patients with NSCLC older than 70 years generally have a poor performance status and concomitant comorbidities; thus, the treatment goals for them should take into consideration not only cancer control but also treatment tolerance and quality of life.
Several recent studies involving elderly patients with stage III NSCLC have shown that the effects of CCRT and RT alone on overall survival (OS) are conflicting. In the phase III Japan Clinical Oncology Group (JCOG) 0301 randomized trial, the patients were randomly assigned to RT alone or CCRT (same radiotherapy with RT alone group, with additional concurrent use of carboplatin). A recent update from long-term follow-up published in 2017 revealed CCRT showed the survival benefits without increasing the late toxicity compared to RT alone [3, 4] . However, a multicenter retrospective study from the Netherlands Cancer Registry revealed no differences in survival among treatments with CCRT, sequential chemoradiotherapy, and RT alone [1] . On the other hand, a meta-analysis by a Canadian study group found that improved OS was associated with CCRT compared with RT alone [5] . Since there were heterogeneous patient characteristics and different treatments such as neoadjuvant or adjuvant chemotherapy (CT) in each study according to the institution, optimal guidelines for the treatment decision for elderly patients are limited and need to be investigated further [6, 7] . In our institution, if patients can tolerate CT at the clinician's discretion, at least 2 cycles of induction CT were performed, and they were reevaluated for CCRT or RT alone. In comparison with previous studies, the major difference in this study was that the proportion of induction CT was higher up to 62.2%.
We aimed to evaluate the actual clinical outcomes between patients with NSCLC (≥70 years) who received CCRT and those who received RT alone and identify the factors affecting the OS and early mortality after RT.
Methods

Patients
After the approval of the Institutional Review Board of Seoul National University Bundang Hospital (No. B-1804/465-304), we retrospectively analyzed 82 patients aged 70 years or older with stage III NSCLC treated at Seoul National University Bundang Hospital between 2004 and 2016. The inclusion criteria were as follows: (1) unresectable or medically inoperable histologically proven stage III NSCLC (AJCC 7th edition); (2) curative-intent treatment with RT; and (3) radiation dose of at least 54 Gy with a biologically effective dose at 2 Gy per fraction (BED 2 ).
The concomitant comorbidities were scored with the Charlson Comorbidity Index (CCI), which has been widely used to measure comorbid disease status and predict mortality due to comorbid disease burden [8] .
Treatments
Radiotherapy was administered with 6-15 MV photons from a linear accelerator using either a 3-dimensional conformal technique (n = 72) or intensity-modulated radiotherapy (n = 10). Simulation CT was performed with guiding the patients to perform quiet respiration during simulation. The target volume for RT planning included the gross tumor volume (GTV) and the involved lymph node areas only, without elective nodal irradiation. The clinical target volume (CTV) covered the GTV plus extra margin to include areas at risk of microscopic extension. And the planning target volume was defined to include the inter-and intra-fractional motion as CTV plus a 10-15 mm margin.
As different schedules were used, the total radiation dose was calculated as the BED 2 for comparison. The most commonly used schedule was 66 Gy with 33 fractions. The median BED 2 was 63.6 Gy (range, 48.0 to 70.9 Gy). The treatment groups were grossly classified as CCRT and RT alone. If a patient received CT simultaneously at the time of RT, we categorized it as 'CCRT', and 'RT alone' was defined as treatment with only a single modality of radiation, independent of induction or consolidation CT.
In our institution, the patients diagnosed with stage III NSCLC and assessed to be initially medically inoperable were usually referred to the medical oncologist for induction CT, at first. After induction CT, surgical resection or definitive thoracic RT was considered as a local treatment modality by clinical response of the induction CT. After CCRT or RT alone, some patients were treated with the consolidation CT at the discretion of each hemato-oncologist's opinion. Overall, 62.2% (51/82) of patients received induction CT, and 15.9% (12/82) of patients received consolidation CT. The regimens of induction CT were gemcitabine-paclitaxel (n = 27), docetaxel-cisplatin https://doi.org/10.3857/roj.2019.00087 (n = 19), and others (n = 5). Most patients (66.7%) received 2 to 3 cycles of the induction CT (n = 16 for 2 cycles, n = 18 for 3 cycles). There were 17 patients for 4 cycles or more of induction CT (4 to 8 cycles). The regimens of concurrent CT were paclitaxel-cisplatin (n = 48), docetaxel-cisplatin (n = 3), and others (n = 3). The regimens of consolidation CT were also heterogeneous, which were docetaxel-cisplatin (n = 2), gemcitabine-cisplatin (n = 2), docetaxel alone (n = 2), multiple chemotherapy (n = 4) and clinical trial (n = 2). Details of the treatment scheme were summarized in Fig. 1 .
Definition of treatment tolerance and base of followup date
Patients were regarded as having treatment tolerance if they had no unintended breaks for more than 5 days during RT, or were not hospitalized for grade 3 or higher toxicities. Unintended breaks are defined as RT breaks due to aggravated performance status or low absolute neutrophil count levels on regular complete blood count examinations, as compared to the intended break due to personal circumstances not associated with patient's condition or acute side effects. For the clinical outcome analysis, the date of base of followup was set to the start of RT. In addition, to analyze the early mortality rate, the survival rate within 4 months after treatment (4-month mortality) was calculated from the last date of RT. The treatment toxicity was graded based on Common Terminology Criteria for Adverse Events (CTCAE) version 4.0.
Statistical analysis
The chi-square test was used for comparing treatment tolerance and patient characteristics between the two treatment groups (CCRT and RT alone). We analyzed factors affecting OS and 4-month survival using a stepwise Cox regression model. OS, 4-month survival, locoregional recurrence (LRR), and distant metastasis (DM) were examined using the Kaplan-Meier method, and the p-value was calculated by the log-rank test. All analyses were performed using Stata/MP 15.0 (StataCorp., College Station, TX, USA) with a significance level of <0.05.
Results
A total of 82 patients aged 70 years or older with unresectable stage III NSCLC were analyzed. The median follow-up time for the surviving patients was 20.1 months (range, 0.2 to 91.8 months). We analyzed patients according to the treatment groups CCRT (n = 54, 65.9%) and RT alone (n = 28, 34.1%). The median age of the CCRT and RT alone group was 73.0 years and 75.2 years, respectively, which was significantly different (p = 0.016). The demographics of the patients are shown in Table 1 . There was no difference in the performance status, CCI, pre-RT body mass index, and clinical stage between the CCRT and RT alone group. Induction CT was performed for 68.5% of patients in the CCRT group and 50.0% of patients in the RT alone group. The median dose (BED 2 ) was 63.5 Gy (range, 48.0 to 70.9 Gy) for the CCRT group and 63.7 Gy (range, 55.3 to 70.0 Gy) for the RT alone group. In the CCRT group, the number of patients who had a weight loss of ≥5% after RT was significantly higher (p = 0.031). Particularly, the treatment tolerance was significantly worse in the CCRT group (87.0%) than in the RT alone group (100.0%) (p = 0.046) ( Table 2 ).
The median survival was 21.1 months and 18.1 months for the CCRT and RT alone group, respectively, which was not statistically significant (p = 0.220) ( Fig. 2 ). LRR and DM were also not significantly different between the two treatment groups (p = 0.897 for LRR, p = 0.485 for DM). Although there was no statistical significance, the survival rate within 4 months after RT (4-month survival) was higher in the RT alone group than in the CCRT group, which was 89.3% and 79.6%, respectively (p = 0.230). The mortality rate within 4 months was 20.4% (n = 11) in the CCRT group and 10.7% (n = 3) in the RT alone group. The causes of 4-month mortality in the CCRT group were as follows: pneumonia (7 patients), neutropenia (1 patient), acute cerebral infarction (1 patient), and unknown causes (2 patients). In the RT alone group, one died from disease progression, and the other two died from aggravated general conditions without exact causes. As a result, most deaths in the CCRT group were attributed to non-cancerrelated mortality such as pneumonia, and the rate of early death within 4 months after RT was around two times higher in the CCRT group than in the RT alone group (Table 2 ). These results suggested that the addition of CT to definitive RT might increase the incidence of early death due to causes other than lung cancer itself. Therefore, it was necessary to analyze the risk factors to find out the patients who did not benefit from CCRT to reduce early death within 4 months after RT.
Toxicity analysis revealed that acute esophagitis of grade 2 or higher occurred more frequently in the CCRT group than in the RT alone group (p = 0.017). Grade 2 or higher acute esophagitis was observed for 24 patients (44.4%) in the CCRT group and 5 patients (17.9%) in the RT alone group. However, there was no significant difference in the incidence of grade 3-4 radiation pneumonitis between the two treatment groups, which was 10 patients (18.5%) in the CCRT group and 4 patients (14.3%) in the RT alone group (p = 0.629).
Clinical factors associated with OS and 4-month survival were evaluated by univariate and multivariate analyses with the stepwise Cox regression model. In multivariate analysis, OS was significantly associated with a CCI of ≥5 (hazard ration [HR] = 2.00; 95% confidence interval [CI], 1.10-3.61; p= 0.022) and a weight loss of ≥5% after treatment (HR = 2.46; 95% CI, 1.33-4.54; p = 0.004) ( Table 3 ). The factors adversely affecting 4-month survival were also a CCI score of ≥5 (HR = 6.46; 95% CI, 2.18-19.21; p = 0.001) and treatment modality (HR = 3.91; 95% CI, 1.02-14.93; p = 0.047) ( Table 4 ). Furthermore, among patients with a CCI score of ≥5, RT alone resulted in significantly better survival compared with CCRT at 4 months of follow-up (p = 0.038). In the CCRT group, 11 patients died within 4 months after RT; however, only three deaths were observed in the RT alone group.
Discussion and Conclusion
The purpose of this study was to evaluate actual clinical outcomes between CCRT and RT alone for patients older than 70 years who were diagnosed with locally advanced NSCLC in a single institution with a relatively high rate of induction CT given. CCRT is widely known as the standard treatment for stage III NSCLC [9] [10] [11] . However, it is unclear whether CCRT is a tolerable and cost effective treatment option for elderly patients with accompanying comorbidities over the age of 70 years.
In previous studies, there were conflicting results about which treatment options (CCRT or RT alone) would be suitable for elderly patients with stage III NSCLC. A phase III JCOG 0301 trial and meta-analysis by a Canadian study group showed the survival benefit of CCRT compared to the RT alone treatment, though toxicities increased [3] [4] [5] . However, a multicenter retrospective study based on the Netherlands Cancer Registry showed no differences in survival among treatments with poorer tolerance to chemoradiotherapy, especially for those with severe comorbidities [1] . In addition, Miller et al. showed that sequential CT and RT were superior to other modalities in terms of survival benefit [6] . As such, each study was comprised of patients with heterogeneous characteristics and different treatments, so the optimal strategy for unresectable NSCLC in elderly patients is still inconclusive.
Although CCRT is considered as a treatment of choice in cases of locally advanced NSCLC, a few institutions have treated patients with induction CT followed by CCRT or RT alone [12] [13] [14] [15] . Induction CT has been performed for the downstaging of the disease, the treatment of systemic microscopic metastasis, and a better drug delivery to the tumor [16] . A previous study showed that patients treated with platinum/ taxane-based induction CT in addition to RT for unresectable NSCLC had a better OS than that of patients treated with RT alone [13] . In addition, a meta-analysis by Luo et al. revealed an improvement in the 5-year OS from induction CT followed by CCRT compared with CCRT alone for patients with locally advanced NSCLC; however, there was no significant difference compared with consolidation CT for patients treated with CCRT [16] . In a phase III PITCAP trial, 151 patients were randomized to receive 2 cycles of platinum-paclitaxel induction CT followed by thoracic RT only vs. CCRT. The results of the study showed no survival benefit with the addition of concurrent CT with RT compared with RT alone after induction CT. Although the median age of the patients was 61 years, which was younger than that in our study, this randomized phase III trial demonstrated the possibility of omitting concurrent CT after induction CT [14] .
This study included only patients older than 70 years with stage III NSCLC for analyzing clinical outcomes. In comparison with other studies, a characteristic feature was that the rate of induction CT was as high as 62.2%. We categorized treatments as CCRT or RT alone based on whether RT was performed simultaneously with CT or alone, regardless of the implementation of induction or consolidation CT. In our study, there were no significant differences in OS, LRR, and DM between the two treatment modalities. Moreover, we demonstrated that OS and 4-month survival were adversely associated with a CCI of ≥5. As mentioned previously, the CCI has been widely used to measure concomitant comorbidities and predict mortality due to comorbid disease burden. Elderly patients usually have a few underlying medical diseases. However, because of the different proportions of medically fit old patients included, the clinical results of previous studies involving elderly patients with stage III NSCLC may be inconsistent. Therefore, we should classify elderly patients according to the CCI, which is reliable and easy to apply in a clinical practice, and classify them as medically fit or unfit.
The scoring of patient comorbidities by the CCI needs to be considered when deciding treatment options for elderly patients based on treatment tolerance. In addition, a balance between tumor control, treatment tolerance, and expected survival should be considered in the treatment of elderly patients. The results of this study showed that most patients died within 4 months after RT were due to other reasons without evidence of LRR or DM. The mortality rate within 4 months was 20.4% (11 cases) for CCRT and 10.7% (3 cases) for RT alone. The 4-month mortality in the CCRT group was around two times higher compared with that in the RT alone group, and most causes of the 4-month mortality in the CCRT group were associated with non-cancer-related diseases such as pneumonia, neutropenia, or abrupt aggravation of general conditions without cancer progression. Therefore, even if the tumor is locally controlled, it is doubtful that CCRT is beneficial for elderly patients if they die early after treatment. Moreover, our study revealed that CCRT resulted in a higher incidence of grade 2 or higher acute esophagitis, indicating poorer tolerance and unfavorable quality of life. Patients who received CCRT had a weight loss of ≥5% after RT more than RT alone group. Considering that a weight loss of ≥5% after RT significantly affected OS, nutritional support may be needed to reduce the mortality of elderly patients during CCRT [17] .
This study basically has several limitations. Due to the retrospective nature, it has an inherent weakness of selection bias when choosing induction or consolidation CT based on patient characteristics. Because elderly patients referred to RT were selected according to the judgment of the hematooncologist, those treated with induction CT might be relatively fit considering their age even if they had several comorbidities. In addition, the sample size was not sufficient to confirm the results. Nevertheless, the results in the present study were clinically significant because it showed a single institutional treatment outcome with a high proportion of induction CT. As the current standard of care for unresectable stage III NSCLC is CCRT, previous studies in which CCRT was performed after induction CT are limited. This study also demonstrated similar overall clinical outcomes such as the median OS of elderly patients in the CCRT and RT alone group. The classification of aged patients by the CCI score would be helpful for choosing an optimal treatment strategy, thus allowing a balance between cancer control and expected survival to prevent early death after treatment.
In conclusions, this study showed that there were no significant differences in OS, LRR, and DM between CCRT and RT alone treatment among elderly patients with stage https://doi.org/10.3857/roj.2019.00087 III NSCLC; however, there was a poorer tolerance and higher incidence of acute esophagitis of grade 2 or higher in the CCRT group. Specifically, when the elderly patients had a CCI score of ≥5, RT alone seems to be favorable with a low probability of early death and equivalent clinical outcomes after treatment.
